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DNA comprising rice anther-specific gene and transgenic plant transformed therewith 

The present invention is in the field of plant genetic engineering. 

It primarily relates to novel DNA sequences which function as promoters of anther-specific 
transcription of coding ONA sequences in recombinant or chimeric DNA sequences. The 
present invention also relates to recombinant or chimeric DNA sequences, which are 
expressed specifically in the anther of a plant. The said recombinant or chimeric DNA 
Goquoncos may bo used to creato trarisgenic plants, but especially transgenic male^sterile 
plants. 

The oreation of male sterile plants is of economic interest in the production of hybrid seeds. 
IVIale sterility prevents self-pollination which otherwise occurs in many plant species and 
hinders breeding and hybrid seed production. The anther is a male-reproductive organ of 
flowering plants, which is composed of several tissues, such as, tapetum, endothecium, 
connective tissues, vascular tissues, etc. and is responsible for producing pollen. Anther 
development can be divided into two general phases. During phase 1 , the morphology of 
the anther is established and microspore mother cells undergo meiosis to generate tetrads 
of microspores. During phase 2, pollen grains and anthers differentiate and tissue 
degeneration, dehiscence, and pollen grain release occur. Among many diverse genes 
involved in these developments, only a small fraction is anther-specific. 
Anther-specific genes, which have been reported hitherto, include Osc4, Osc6, YY1 and 
YY2 genes of rice [Hihara Y, et aL, Plant Mol. Biol., 30:1 181-1 193(1996); Tsuchiya T., et al.. 
Plant MoL Biol., 26:1737-1747(1994)], TA29 and TA32 genes of tobacco [Koltunow, A.M, et 
aL, Plant Cell, 2:1201-1224(1990)]. SF2 and SF18 genes of sunflower [Demon, C. et al., 
Plant Mol. Biol., 15: 643-646(1990)], 108 genes of tomato [Smith, A.G., etaL, MoL Gen. 
Genet., 222:9-16(1990)], NTM 19 of tobacco [Oldenhof M.T. et aL Plant Mol Biol 31:213- 
225 (1996)], and BA42, BA112 and A9 genes pf Brassica napus [Scott, R. et aL, Plant MoL 
BioL, 17:195-207(1991); Shen, J.B. et aL, MoL Gen. Genet, 234:379-389(1992)]. 
Some of these genes are found exclusively in sporophytic tissues of the anthers, others are 
pollejn grain specific or are present in both, sporophytic and gametophytic tissues of the 
anthers. 

Rice is an example for a plant which propagates in self-pollination fashion. It is difficult to 
develop hybrid rice only by allogamy. To facilitate the production of hybrid rice by allogamy, 
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a method is described in the prior art» wherein the anthers are deleted from rice flowers to 
produce male-sterile rice, and then pollen from another rice plant is transferred thereto* 
However, there is the problem that such a method requires a Jarge amount of time and 
effort. 

Thus, in order to produce rice or any other self-pollinating plant having a male-sterile 
character without the prior problems as described above, the present inventors increasingly 
made an effort to develop a method using a gene which induces an abnormal development 
of the anther. 

- // • 

The invention thus provides: 

DNA molecules and methods for the specific expression of a coding region of interest in the 
tapotum, endothecium and ponnective tissues of anthers but not in microspores or poiien, 
wherein expression of the coding sequence of intere.st starts at the tetrad stage and 
reaches a maximum level at the vacuolated pollen stage. In particular, ONA molecules and 
methods are provided wherein 

• the DNA comprises a nucleotide sequence having at least 50%, particularly 65% more 
particularly 80%, and most particularly 90% or more sequence identity with the sequence 
shown in SEQ ID N0:1 

• the DNA according to the invention comprises the nucleotide sequence shown in SEQ ID 
NO:1 

• the DNA molecules are specifically designed such that the coding sequence is in 
antisense orientation 

The invention further provides DNA molecules and methods wherein the coding sequence 
encodes a polypeptide which will disrupt formation of viable pollen when expressed in the 
anther cells, in a specific embodiment of the invention, the coding sequence encodes a 
polypeptide selected from the group consisting of RNase, DTA, TURF-13, pectate lyase, gin 
recombinase, iaaL and cytA toxin. 

The invention further provides DNA molecules and methods as mentidned before, wherein 
the DNA sequence of the invention has more than 80%, particularly 90% and more 
particularly 95% sequence identity in the consecutive 30 bases of any sites of SEQ ID 
NO:i. 

The invention further provides DNA molecules comprising a promoter sequence capable of 
driving expression of an associated coding sequence specifically in the tapetum, 
endothecium and connective tissue of anthers but not in microspores or pollen, wherein 
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expression of the coding sequence starts at the tetrad stage and reaches a maximum level 
at the vacuolated pollen stage. 

In particular, we provide herein methods and DNA molecules as mentioned before, wherein 

• the promoter sequence has 50% particularly 65% more particularly 80%, and most 
particularly 90% or more sequence identity with the nucleotide sequence of SEQ ID 
NO:3 

• the promoter sequence has the nucleotide sequence shown in SEQ ID N0:3 

• the promoter sequence conriprise^an additional sequence that can be operatively linked 
to a coding sequence of interest 

• the additional sequence comprises a sequence having 50%, particularly 65%, more ' 
particularly 80%, and most particularly 90% or more sequence identity with SEQ ID 
NO:10 

• the additional sequence comprises SEQ ID NO:10 

• the promoter sequence and additional sequence have 50%, particularly 65%, more 
particularly 80%, and most particularly 90% or more sequence identity with SEQ ID NO:2 

• the promoter sequence and additional sequence are characterized by the nucleotide 
sequence of SEQ ID N0:2 

In addition, DNA molecules are provided wherein the promoter comprises a fragment 
obtainable from SEQ ID NO:2, preferably a fragment capable of driving expression of an 
associated coding sequence specifically in the tapetum, endothecium and connective tissue 
of anthers but not in microspores or pollen, wherein expression of the coding sequence 
starts at the tetrad stage and reaches a maximum level at the vacuolated pollen stage. 
The invention also provides DNA molecule^ comprising an open reading frame encoding a 
protein characterized by an amino acid sequence having 50%, particulariy 65%, more 
particularly 80%, and most particularly 90% or more sequence identity with SEQ ID NO:4. In 
a specific embodiment of the invention, the open reading frame encodes a protein 
characterized by the amino acid sequence of SEQ ID N0:4. In yet another specific 
embodiment, the DNA molecule as described hereinbefore is characterized by SEQ ID 
N0:7. - 

In addition are provided expression vectors comprising a first expression cassette 
comprising a DNA of the invention for expression in a host organism such as a 
microorganism or a plant and, optionally, a second expression cassette comprising a gene 
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of interest. Jn a specific embodiment of the invention, the second expression cassette 
comprises a marker gene. 

The invention further provides the protein encoded by the open reading frame as mentioned 
hereinbefore. 

In addition, transgenic plants and plant material and the sexual and/or asexual progeny 
thereof are provided, which have been transformed with a DNA sequence according to the 
invention. In particular the invention provides 

• a transgenic, male-sterile plant which has been transformed with a DNA sequence of the 
invention 

• a transgenic plant or plant material according to the invention, wherein the plant is rice, 
wheat, maize, Sorg/7arr7Z7/co/or or orchardgrass 

The invention further provides a process for the production of a transgenic plant comprising 

■ 

a DNA comprising a promoter sequence and associated coding sequence wherein the 
promoter sequence drives expression of the coding sequence specifically In the tapetum, 
endothecium and connective tissues of anthers but not in microspores or pollen, and 
wherein expression of the coding sequence starts at the tetrad stage and reaches a 
maximum level at the vacuolated pollen stage. In particular, a process wherein the plant is 
rice, wheat, maize, Sorghum bicolor or orchardgrass. 

The constitution and function of the invention 

In a specific embodiment, the present invention provides a rice (Oryza sativa L.) anther- 
specific gene having the base sequence shown in SEQ ID NO:1 and a gene having more 
than 80% sequence identity in the conseciktive 30 bases of any sites on said gene. 
In addition, the present invention provides the anther-specific expression regulator 
comprising a promoter sequence and additional sequence having SEQ ID NO:2 
corresponding to the base sequences between -1196 and 240 in said gene, represented by 
nt 1 to nt 1436 of SEQ ID NO:l.^ 

The present invention also provides the anther-specific expression promoter having SEQ ID 
NO:3, corresponding to the base sequences between the -1196 and -1 in said gene, 
represented by nt 1 to nt 1 1 96 of SEQ ID NO: 1 . 

'* • ■ 

DEFINITIONS 
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In order to ensure a clear and consistent understanding of the specification and the claims, 
the following definitions are provided; 

Chimeric : is used to indicate that a DNA sequence, such as a vector or a gene, is 
comprisod of morq than one DNA soquoncos of distinct origin which are fused together by 
recombinant DNA techniques resulting in a DNA sequence, which does not occur naturally, 
and which particularly does not occur in the plant to be transformed 
Expression : refers to the transcriptior)^and/or translation of an endogenous gene or a 
transgene in plants. In the case of antisense constructs, for example, expression may refer 
to the transcription of the antisense DNA only 
, Gene : refers to a coding sequence and associated regulatory sequence wherein the coding 
sequence is transcribed into RNA such as mRNA, rRNA, IRNA, snRNA, sense RNA or 
antisense RNA. Examples of regulatory sequences are promoter sequences, 5' and 3' 
untranslated sequences and termination sequences. Further elements that may be present 
are, for example, introns 

Marker gene : refers to a gene encoding a selectable or screenable trail 
nt abbreviation for 'nucleotide' 

Operativelv linked to/associated with : a regulatory DNA sequence is said to be "operatively 
linked to" or "associated with" a DNA sequence that codes for an RNA or a protein if the two 
sequences are situated such that the regulatory DNA sequence affects expression of the 
coding DNA sequence 

Plant : refers to any plant, particularly to seed plants 

Plant material : refers to leaves, stems, roots, flowers or flower parts, fruits, pollen, pollen 
tubes, ovules, embryo sacs, egg cells, zygotes, embryos, seeds, cuttings, cell or tissue 
cultures, or any other part or product of a plant 

Promoter : refers to a DNA sequence that initiates transcription of an associated DNA 
sequence. The promoter region may also include elements that act as regulators of gene 

* 

expression such as activators, enhancers, and/or repressors 

Recombinant DNA molecule : a combination of DNA sequences that are joined together 
using recombinant DNA technology 

Recombinant DNA technology : procedures used to join together DNA sequences as 
described, for example, in Sambrook et al., 1989, Cold Spring Hartjor, NY: Cold Spring 
Harbor Laboratory Press 
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Screenable marker aene : refers to a gene whose expression does not confer a selective 

T ■ ■ 
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advantage to a transformed cell, but whose expression makes the transformed cell 
phenotypicaliy distinct from untransformed cells 

Selectable marker oene : refers to a gene whose expression in a plant cell gives the cell a 
solectivo advantage. The selective advantage possessed by the cells transformed with the 
selectable marker gene may be due to their ability to grow in the presence of a negative 
selective agent, such as an antibiotic or a herbicide, compared to the growth of non- 
transformed cells. The selective advantage possessed by the transformed cells, compared 

// 

to non-transformed ceils, may also be due to their enhanced or novel capacity to utilize an 
added compound as a nutrient, growth factor or energy source. Selectable marker gene 
also refers to a gene or a combination of genes whose expression in a plant cell gives the 
cell both, a negative and a positive selective advantage 

Sequence identitv : the percentage of sequence identity is determined using computer 
programs that are based on dynamic programming algorithms. Computer programs that are 
preferred within the scope of the present invention include the BLAST (Basic Local 
Alignment Search Tool) search programs designed to explore all of the available sequence 
databases regardless of whether the query is protein or DNA. Version BLAST 2.0(Gapped 
BLAST) of this search tool has been made publicly available on the Internet (currently 
http://www.ncbLnlm.nih.gov/BLAST/). It uses a heuristic algorithm, which seeks local as 
opposed to global alignments and is therefore able to detect relationships among 
sequences, which share only isolated regions. The scores assigned in a BLAST search 
have a well-defined statistical interpretation, Said programs are preferably run with optional 
parameters set to the default values. v 

Transformation : refers to the introduction of a nucleic acid into a cell. In particular, it refers 
to the stable integration of a DNA molecule into the genome of an organism of interest 

BRIEF DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING 

t 

SEQ ID N0:1 nucleotide sequence of the rice RA8 gene 

SEQ ID N0:2 anther-specific expression regulator comprising the RA8 

promoter plus first exon, first intron and part of exon 2 
SEQ ID NO:3 RA8 promoter 

SEQ ID N0:4 deduced amino acid sequence of the protein encoded by the 

rice RA8 gene 
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primorl 
primer 2 

RA8 cDNA sequence 
PGR primer 
PGR primer 

nucleotide sequence of the first exon, first intron and part of 
exon 2 of the rice RA8 gene 



Deposited material 


Accession number 


Date of deposit 

< 


plasmid pGAI 173-9 


KCTC 8899P 


July 29. 1998 



The deposit is made with the Korea Research Institute of Bioscience and Biotechnology, 
the annex organization of Korea Advanced Institute of Sclohce and Technology (KAIST). 



Hereinafter, the present invention will be described in detail. 
The gene of the present invention is isolated from rice {Oryza sativa L), expresses 
specifically in the anther, and the genomic sequence thereof is represented in SEQ ID 
NO:1 . The cDNA sequence of the RA8 gene is shown in SEQ ID NO:7, Comparison of the 
cDNA and genomic sequences reveals the presence of 2 introns and 3 exons in the coding 
sequence of the RA8 gene, Intron 1 of 134*p is located between the 14th and 15th 
codons, corresponding to nt 1289 to nt 1422 of SEQ ID NO:1 , and corresponding to nt 1556 
to nt 2149 of SEQ ID NO:1 , and intron 2 of 594 bp is located at the 59th codon in the amino 
acid coding region which is deduced from the said base sequences, corresponding to nt 
1556 to nt 2149 of SEQ ID NO:i: Both introns contain the consensus QT and AG 
sequences at the 5' and 3' ends, respectively. With respect to SEQ ID N0:1 , the three 
exons are located as follows: exon 1: nt 1247 to nt 1288; exon 2: nt 1423 to 1555; exon 3: 
nt 2150 to nt 2766 • In the 5' non-coding flanking sequence of said coding region, a CAAT 
box sequence, CAAT, is located at base position -82 to -79, corresponding to nt 1 1 1 6 to nt 
11 1 9 of SEQ ID NO:1 , and a TATA box sequence, TATAATA, is located at base position - 
53 to -47, corresponding to nt 1 145 to nt 1151 of SEQ ID NO:1 . The poly (A) tail is located 
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SEQ ID NO:5 
SEQ ID NO:6 

SEQ ID N0:7 
SEQ ID NO:8 
SEQ ID N0:9 
SEQ ID NO:10 
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at the 164th base (nucleotide 2932 of SEQ ID NO:1) downstream from the TGA translation 
termination codon. In the 3' non-coding region, the AATAA consensus polyadenylation 
signal sequence is present. The sequence surrounding the first ATG fits well with the 
translation initiating consensus sequence of monocots as reported in the literature [Joshi, 
CP. et al., Plant Mol. Biol., 35:993-1001 (1997)1. 

An open reading frame of said coding region consists of 264 amino acid residues and has 

an amino acid sequence of SEQ ID NO:4. 

// . • 

A protein deduced from said open reading frame, has molecular mass of 26.4 kDa and a pl 
of 6.1 . Major amino acids constituting the protein are alanine (21.9%), glycine (9,9%) and 
proline (10.2%), and the amino acid sequence thereof contains a hydrophobic N-terminal 
region which may be involved in targeting the protein into a membrane fraction or extra- 
cellular space, an extensin-like SPPPPPP motif and a glycine-rich region. According to a 
homology analysis with Genebank databases, such amino acid sequence is novel, and 
does not show a significant sequence identity to any genes as reported hitherto. 

The expression of the gene according to the present invention is characterized by being 
regulated temporally and spatially. The spatial expression pattern includes that the genie is 
expressed only in the anther organ of rice flower, but not in other floral organs other than 
the anther, leaves and roots, etc., and especially among the anther organ, it is expressed 
only in tapetum, endothecium, and connective tissues, but not in vascular tissues. The 
temporal expression pattern includes that the expression levels of the gene increase as 
flowers mature, wherein the gene is scarcely expressed at pre*meiosis stage, but the 
expression thereof is first detectable at the time when microspores are released from 
tetrads. The maximum levels are observed at the vacuolated-pollen stage, and sharply 
decrease at the mature pollen stage immediately prior to blooming. 

The gene of the present invention can be obtained by means of differential hybridization 
methods. For example, by a method which comprises hybridizing an anther cDNA library 
with a cDNA library of non-anther origin, such as from leaves, roots or seedlings, and 
thereafter obtaining the cDNA clone of an anther-specific gene which negatively reacts with 
the cDNA library of non-anther origin. In addition, the obtained cDNA clone is used as a 
probe to hybridize it with a genomic library, and isolate a clone which positively reacts 
therewith, and to subclone it to obtain a genomic clone of the anther-specific gene. Another 
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mothod (or obtaining tho gono inctudos a niolhod, wherein the base sequences of said SEQ 
ID NO:1 are used to synthesize an appropriate primer for a conventional PCR method, in a 
specific embodiment of the invention, the obtained gene is cloned into a pBluescript SK (-) 
vector and designated as plasmid pGA1173-9» This plasmid is deposited at the Korea 
Research Institute of Bioscience and Biotechnology, the annex organization of Korea 
Advanced Institute of Science and Technology (KAIST) under the deposition No, KCTC 

8899Pon July 29, 1998. 

* • . 

The region containing the RA8 promoter Is shown In SEQ ID NO:3, corresponding to nt 1 to 
nt 1 1 96 of SEQ ID NO:1 . The transcribed nucleotides of the RA8 gene start at position 
11 97 of SEQ ID NO:1. An olomont which regulates tho anther-specific expression of the 
gene of the present invention is located in the region containing the promoter, exon 1 , intron 

1 and part of exon 2, and such region can be represented as SEQ ID N0:2 corresponding 
to the base sequence between nt 1 and nt 1436 in the base sequence of said SEQ ID 
NO:i . This regulatory element can be obtained by a conventional cloning method from the 
rice genomic DNA or plasmid pGA1 173-9, for example, wherein the base sequence of said 
SEQ ID NO;2 is used to synthesize the appropriate primer, and thereafter a conventional 
PCR method is performed. 

The plant expression vector of the present invention contains for example the said 
regulatory element as shown in SEQ ID N0:2, wherein the anther-specific expression 
regulator is fused with another gene of interest. As the desired gene, a reporter gene, such 
as beta-glucuronidase (GUS) may be used, and for the purpose of inducing abnormal 
development of rice anthers, DTA (a toxic gene which disrupts cells), RNase gene, etc. may 
be used (see below) but the gene of interest should not be limited thereto. 
The plant expression vector may contain a second expression cassette comprising a marker 
gene to allow selection of transformants. Examples of selectable or screenable marker 
genes are described below. For certain target species, different antibiotic or herbicide 
selection markers may be preferred. Selection markers used routinely in transformation 
include the npdl gene which confers resistance to kanamycin, paromomycin, geneticin and 
related antibiotics (Vieira and Messing, 1982, Gene 19: 259-268; Bevan et aL, 1983, Nature 
304:184-187) the bacterial aac/A gene (Goldschmidt-Clermont, 1991, Nucl. Acids Res. 19: 
4083-4089), encoding aminoglycoside 3'-adenylyltransf erase and conferringi resistance to 
streptomycin or spectinomycin, the hph gene which confers resistance to the antibiotic 
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hygromycin (Blochlinger and Diggolmann, 1984, Mol. Cell. Biol. 4: 2929-2931), and the dhfr 
gene, which confers resistance to methotrexate (Bourouis and Jarry, 1983, EMBO J.g: 
1099-1 104). Other markers to be used include a phosphinothricin acetyltransf erase gene, 
which confers resistance to the herbicide phosphinothricin (White et a!., 1990, NucL Acids 
Res. 18: 1062; Spencer et al. 1 990, Theor. AppL Genet. 79: 625-631), a mutant EPSP 
synthase gene encoding glyphosate resistance (Hinchee el al., 1 988, Blo/T echnology 6: 

915-922), a mutant acetolactate synthase (ALS) gene which confers imidazolione or 

• « 

sulfonylurea resistance (Lee et aL, i;988. EMBO J. 7: 1241-1248), a mutant psbA gene 
conferring resistance to atrazine (Smeda et aL, 1993, Plant PhysioL 103 : 91 1-917), or a 
mutant protoporphyrinogen oxidase gene as described in EP 0 769 059. Selection markers 
resulting in positive selection, such as a phpsphomannose isomerase gene, as described in 
patent application WO 93/05163, are also used. 

Identification of transformed cells may also be accomplished through expression of 
screenable marker genes such as genes coding for chloramphenicol acetyl transferase 
(CAT), p-glucuronidase (GUS), iuciferase, and green fluorescent protein (GFP) or any other 
protein that confers a phenotypically distinct trait to the transformed cell. 

The said expression vector may be constructed by fusing the said anther-specific 
expression regulator with the desired gene, and thereafter ligating it to an appropriate plant 
expression vector.. For example, the regulatory element is fused with GUS without changes 
of reading frame, and the fused product is then ligated to a binary vector pGA1 633 capable 

of expressing in plants to construct an expression vector pGA1647. 

\- 

The recombinant DNA sequences of the invention can be introduced into the plant cell by a 
number of well-known methods^ Those skilled in the art will appreciate that the choice of 
such method might depend on the type of plant which is targeted for transformation, i.e., 
monocot or dicot. Suitable methods of transforming plant cells include microinjection 
(Crossway etaL, 1986, Bio Techniques 4:320-334), electroporation (RIggs and Bates, 1986, 
Proc. NatL Acad. Sci., USA 83:5602-5606), Agrobacterium-mediated transformation 
(Hinchee et al., 1988, Bio/Technology 6:915-922; EP 0 853 675). direct gene transfer 
(Paszkowski et aL. 1984, EMBO J. 3:2717-2722), and ballistic particle acceleration using 
devices available from Agracetus, Inc., Madison, Wisconsin and Dupont, Inc., Wilmington, 
Delaware(see, for example, US Patent No, 4.945,050 and McCabe et aL, 1988, 
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Bio/Technology 6:923-926). The cells to be transformed may be differentiated leaf cells, 
embryogenic cells, or any other type of cell 

in the direct transformation of protoplasts, the uptake of exogenous genetic material into a 
protoplast may be enhanced by the use of a chemical agent or an electric field. The 
exogenous nnaterial may then be integrated into the nuclear genome. The previous work is 
conducted in dicot tobacco plants, which resulted in the foreign DNA being incorporated 
and transferred to progeny plants (Paszkowski et al.. 1984. EMBO J. 3:2712-2722; Potrykus 
et al., 1985, Mol. Gen. Genet 199:16^-177). Monocol protoplasts, for example, of Triticum 
monocQccum, Lolium multi(lorum(ltaljan rye grass), maize, and Black Mexican sweet corn, 
are transformed by this procedure. An additional preferred embodiment is the protoplast • 
transformation method for maize as disclosed in EP 0 292 435, as well as in EP 0 846 771 . 
For maize transformation also see Koziel et al., 1993, Bio/Technology 11:194-200. 
Transformation of rice can be carried out by direct gene transfer techniques utilizing 
protoplasts or particle bombardment. Protoplast-mediated transformation is described for 
Japonica-types and Indica-types (Zhang et al., 1988, Plant Cell Rep., 7:379-384; 
Shimamoto el al., 1989, Nature 338:274-276; Datta et aL, 1990, Bio/Technology 8:736- 
740), Above both types are also routinely transformable using the particle bombardment 
(Christou et al., 1991 . Bio/Technology 9:957-962). Patent application No. EP 0 332 581 
describes techniques for the generation, transformation and regeneration of Pooideae 
protoplasts. These techniques allow the transformation of all Pooideae plants including 
Dactylis and wheat. Furthermore, wheat transformation is described in patent application 
No. EP 0 674 715; and by Weeks et aL, 1993 (Plant Physiol. 102:1077-1084). 
The thus-constructed plant expression vector can, for example, be introduced into the calli 
of rice according to the conventional plant transformation method, and the differentiation of 
roots and leaves is induced therefrom, and then, can be transferred to a flowerpot for 
cultivation, thereby obtaining the transformed rice. 

The preferred method for transforming plants is the Agrobacterium-mediated 
transformation. According to the Agrobacterium-mediated transformation as a 
representative example, the expression vector PGA1647 is transferred to the 
Agrobacterium tumefaciens carrying the binary Tl plasmid using the f reeze-thaw method 
(An, G. et al., (eds) Plant Molecular Biology Manual, pp. A3/1 -A3/1 9, Kluwer Academic 
Publishers, Dordrecht (1 998)), and then grown in an AB liquid medium supplemented with 
the appropriate antibiotics (Chilton, M-D, Pro. Natl. Acad. Sci. USA, 71, 3672-3676 (1974)). 
and the thus-obtained product is co-cultivated with calli on a 2N6-As medium supplemented 
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with 1 mM botaine (Hioi, Y. et al., Plant J., 6, 271-282 (1994)) in darl<ness at ZS'Q for .2-3 
days. The co-cultivated calli are washed with sterile water containing cefotaxime, and again 
incubated on an N6 medium containing an appropriate antibiotic and cefotaxime for 3-4 
weeks to obtain actively growing calli. These calli are transferred onto an appropriate 
selection medium, for example, MS media (Life Technologies) supplemented with 0.2 mg/L . 
NAA (naphthalene acetic acid), 2 mg/L kinetin. 2% sorbitol, 1 .6% phytagar (Gibco), the ^ 
appropriate antibiotic, and 250 mg/L cefotaxime, and then cultivated for 2-3 weeks under 

continuous light condition of 30-60 pmol m"^sec'\ preferably 40 pmol m'^sec V to obtain 

// • 

plantlets. These plantlets are potted and grown in a growth chamber under the condition of 
lOh light/1 4h dark to obtain the transgenic rice. 

In case that the vector used in the said method contains the fused gene of the regulatory 
element of the present invention and DTA or RNase genes etc., the plant transformed with 
the vector has the male-sterile character. 

The coding DNA sequence of the present invention may be any DNA sequence encoding a 
desired, polypeptide. Especially preferred for use in the present invention are, however, 
coding DNA sequences which encode a product of polypeptide which, when expressed in 
anther tissue, make the plant not produce viable pollen. Examples of such coding DNA 
sequences include the genes which are described in the following references, the 
disclosures of which are fully incorporated herein by reference: 

a) Diptheria toxin A-chain gene (DTA), which inhibits protein synthesis (Greenfield et al., 
1983, Proc. Natl. Acad. Sci., USA, 80:6853; Palmiter et al.. 1987, Cell 50:435-443); 

b) Pectate lyase gene pelE from EnA/inia chrysanthemi EC16, which degrades pectin, 
causing cell lysis (Keen et ah, 1986, J» Bacteriology 168:595); 

c) T-urf13 (TURF-1 3) gene from cms-T maize mitochondrial genomes: this gene encodes a 
poi/peptide designated as URF1 3 which disrupts mitochondriai or plasma membranes 
(Braun et al., 1 990, Plant Cell 2: 1 53; Dewey et al., 1 987, Proc. NaU. Acad. Sci., USA, 
84:5374 and Dewey et al., 1986, Cell 44:439): 

d) Gin recombinase gene from phage Mu gene, which encodes a site-specific ONA 
recombinase which will cause genome rearrangements and loss of cell viability when 
expressed in plant cells (Maeser et al., 1991, Mol Gen Genet 230:170-176); 

e) Indole acetic acid-lysine synthetase gene (iaaL) from Pseudomonas syringae, which 
encodes an enzyme that conjugates lysine to indoleacetic acid (lAA). When expressed in 
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the cells of plants, it causes an altered development due to the removal of lAA from the cell . 
via conjugation (Romano et aL, 1991, Genes and Development 5:438-446; Spena el al., 
1991, Mol Gen Genet 227:205-212; Roberto et al., 1990, Pro Natl Acad Sci USA, 87:5795- 
5801); and 

f) CytA toxin geno from Bacillus thuringiensis israeliensis which encodes a mosquitoctdal 

and hemolytic protein. When expressed in plant cells, it causes death of the cell due to h 

disruption of the cell membrane (McLean et al., 1987, J. Bacteriology 169:1017-1023; Ellar 

et al., US Patent No. 4,918,006, 1990). 

. ■ ■ // ■ 

EXAMPLES 

The present invention wilt now be described In more detail by reference to the Examples, 
but it should not be construed as a limitation upon the scope of the present invention. 

Example 1: isolation of rice anthor-*specinc gene, RA8 

Step 1 : Isolation of the RA8 oene 

Rice [pryza sativa L. Nakdong) flowers at the late-vacuolated stage are cross-sectioned 
into three parts- The middle portion, which contains intact anthers and parts of the palea 
and lemma, is used as an anther-enriched sample. From this portion, anther-enriched 
mRNA is isolated using poly (A) Quick mRNA Isolation Kit (Stratagene, USA). The anther 
cDNA libraries are constructed with ZAP-cDNA Gigapack 2 Gold Cloning Kit (Stratagene) 
which uses the mRNA as a template. < 

The same process is applied on leaves, which are harvested from six-day-old seedlings of 
rice, to construct leaf cDNA libraries. 

From the constructed anther cDNA libraries, 33 cDNA clones are randomly selected and 
thereafter, cDNA regions, which are obtained by cleaving the respective clone DNA with 
EcoRI, are labeled with a radioactive isotope 32P and hybridized with plaques from the leaf 
cDNA library. 

As a result of this, six anther cDNA clones do not positively react with the plaques from the 
leaf cDNA library, and among these clones, one clone, which is most abundantly present in 
the anther cDNA library, is selected and designated as RAB. 
From this RAB clone, the f 1 helper phage R408 (Stratagene) is used to obtain a 
recombinant plasmid pQA1 173-4 (RA8). into which cDNA fragment is inserted by in vivo 
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oxcision» and tho base soquoncos of RA8 cDNA, which are cloned into the above piasmid, 
are determined by the method of Sanger et al. (Sanger, F. et al., Proc. Natl. Acad^ ScL 
USA, 74, 5463-5467(1 977)). 

The said base sequences are represented by SEQ ID NO:7- As shown in SEQ ID N0:7, 
the base sequence of the RA8 cDNA is 1008 bps in size. An open reading frame is present 
from nt 51 to nt 842 of SEQ ID N0:7 consisting of 264 amino acid residues. The protein 
deduced frorn said open reading frame has molecular mass of 26.4 kDa and a pi of 6.1. 
The sequence surrounding the first A^JG fits well with the translational start consensus 
sequence of monocots as reported in the literature (Joshi, CP. et al., Plant Mol. Biol., 

f 

35:993-1001 (1 997)), the poly (A) tail is located at the 1 64th base sequence downstream 
from the TGA translation terrninatlon codon. In the 3' non-coding region, AATAA consensus 
polyadenylation signal sequence is present. 

Major amino acid residues constituting the above amino acid sequence are alanine (21.9%), 
glycine (9.9%) and proline (10.27o), and the amino acid sequence contains a hydrophobic 
N-terminal region which may be inyolved in targeting the protein into a membrane fraction or 
extra-cellular space, an extensin-like SPPPPPP motif and glycine-rich region. According to 
a homology analysis with Genebank databases, it is confirmed that such amino acid 
sequence is a novel gene, which does not show a significant sequence identity to any 
genes as reported hitherto. 

Step 2: RNA blottino analysis 

To confirm whether the RA8 gene obtained from the above step 1 , is expressed specifically 
in the anthers, total RNA is isolated from leaves, roots, young flowers, mature flowers, and 
paleas/lemmas, pistils and stamens of flowers of rice, electrophoresed, and then transferred 
to a nylon membrane. The 32P-labeled RA8 cDNA is used as a probe to perform the RNA 
blotting. 

The RA8 mRNA is present only in flowers at various developmental stages but not in leaves 
and roots. The expression level of the RA8 gene increases during flower development, 
reaching the highest level in mature flowers. In order to determine the organ specificity 
within a flower, an RNA blot experiment is conducted with the total RNA isolated from 
different floral organs. Each of the floral organs is dissected under a dissecting microscope 
to minimize cross-contamination. The. result revealed that the RA8 mRNA is present in 
anthers, but not in the carpel or the palea/lemma. 
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Step 3: Isolation of the RA8 genomic clone 

Plaques of rice genomic libraries (which are constructed by standard methods and is 
obtained from Steve Kay and Nam-Hi Chua of Rockefeller University in the form of EMBL 
lambda phage PNA, into which the rice genomic DNA is inserted) are transferred to a nylon 
membrane (Hybond, Amersham), and hybridized by using the radioactive isotope 32P- 
labeled RA8 cDNA as a hybridization probes. The hybridized nylon membrane is exposed 
to X-ray film, and phage clones are ot^tained from plaques which is positively shown. 
The lambda phage DNA is isolated from those phage clones, cleaved with BamHI to obtain 
a 13.7 kb genomic fragment, and among this a 4.3 kb Sacl-EcoRi fragment is sub-cloned. 
The 2.9 kb SacJ fragment obtained from the 4.3 kb Sacl-EcoRl fragment which contains the 
5* Hanking sequence and the 5' coding region, whereas the adjacent 1 .5 kb Sacl-EcoRI 
fragment contains the remaining coding region as well as the 3' flanking sequence. Two 
introns (intron 1 and intron 2) and 3 exons are present in the coding region. With respect 
to SEQ ID NO:1 , the three exons are located as follows: exon 1 : nt 1247 to nt 1288; exon 
2: nt 1423 to 1555; exon 3; nt 2150 to nt 2766. Intron 1 is 134 bps in size and located 
between the 14th and 15th codons, corresponding to nt 1289 to nt 1422 of SEQ ID NO:1, 
and intron 2 is 594 bps in size and located at the 59th codon, corresponding to nt 1556 to nt 
2149 of SEQ ID NO:1. Both introns contain the consensus GT and AT sequences at the 5' 
and 3' ends, respectively. The 5' flanking sequence of the RA8 coding region contains 
CAAT box sequence, CAAT at the base position -82 to -79, corresponding to nt 11 16 to nt 
11 19 of SEQ ID N0:1 . and TATA box sequence, TATAATA at the base position -53 to -47, 
con-esponding to nt 1145 to nt 1 151 of SEQ ID NO:1 . 

The 2.9 kb Sac! fragment is cloned into the plasmid pBluescript SK (-) vector, and this 
plasmid is designated as pGA1 173-9. This plasmid is deposited at Korea Research 
Institute of Bioscience and Biotechnology, the annex organization of Korea Advanced 
Institute of Science and Technology (KAIST) under deposition No. KCTC 8899P on July 29, 
1998. 

Base sequences of genomic DNA fragment, which are cloned into the plasmid pGA1 173-9, 
are analyzed by using the method of Sanger et al, and an approximate 2.5 kb promoter 
region is determined in comparison with cDNA. 

To study genomic complexity of the RA8 clone, the genomic DNA Isolated from leaves of 
two-week-old rice seedlings is cleaved with EcoRI, Hindlll or PstI, and then subjected to 
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DNA-blotting with the RA8 cDNA. The RA8 cDNA probe hybridized with a single band of the 
rice genomic DNA, and thus the RA8 gene exists as a single copy in the rice genome. 

Example 2: Production of plant expression vector 

The binary vector, which contains a reporter gene, GUS and a selection gene, hph 
(hygromycin phosphotransferase), is constructed as follows, 

A plasmid pGA748 (An, G. Binary Ti plasmid vectors, Agrobacterium protocols, Humana 
Press, pp. 47-58) is cioavod with Bar;r)iHl and Hindlll, and CaMV35S promoter (Benfey et aL, 
Science, 250. 959-966(1993)) is then inserted thereto. A hygromycin-resistant gene 
(hygromycin phosphotransferase, hph) (Gritz el al., (1983)) is inserted at Bglll site of the ' 
thus-^obtained plasmid. This plasmid is cleaved with Hindlll and Clal, end-blunted, and then 
llgatod. The thus-obtainod plasmid Is cioavod with Sad to remove approximately 0.5 kb 
fragment, and then again iigated. At the BamHI site of this plasmid, a synthetic adapter 
having BamHI, Hindlll, Xbal, Sad, Hpal, Kpni, Cial and Bglll cleavage sites is inserted to 
construct a plasmid pGA1 182. 

The PCR is carried out by using the plasmid PGA1 182 as a template, 5*- 
TTGGCATGCACATAC-3* (SEQ ID N0:5) as primer 1 , and 5'- 
CGGGATCCGTGTTTGACAGG-3' (SEQ ID N0:6) as primer 2. 

The approximately 120 bp fragment obtained Is cleaved with BamHI and SphI, and then 
Iigated into an approximate 9 kb fragment, which is obtained by cleaving the plasmid 
pGA1 182 with the same restriction enzymes. Between BamHI and Clal sites of the thus- 
obtained plasmid, the GUS gene (Jefferson et al.. EMBO J, 6, 3901-3907(1987)) is inserted 
to construct the binary vector pGAI 633. 

pGA1 173-9 containing 2.9 kb RA8 genomic DNA as constructed in step 3 of Example 1 is 
subjected to PCR with synthetic oligomer primers of SEQ ID N0:8 

(AATTAACCCTCACTAAAGGG) and SEQ ID NO:9 (GCGGATCCAGGTTGAACCAC). The 
synthetic oligomer shown In SEQ ID NO:9 generates a BamHI site In exon 2 of the RA8 
gene. 

Then plasmid pGA1639, containing the amplified sequence as above, is constructed. The 
plasmid pGAI 639 contains the 2.7 kb Sacl-BamHI fragment comprising the 5' flanking 
region, exon 1 , intron 1 , and a part of exon 2 of the RA8 gene. 

This fragment is connected to the beta-glucuronidase coding sequence In the pGA1633, to 
construct the plant expression vector pGAI 647. In the vector pGAI 647, the above 

* 

described RA8 gene-derived sequence is fused at the newly introduced BamHI site within 
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exon 2 with the QUS gene without any changes of the reading frame. Thus, a translatlpnal 
fusion is made between part of the RA8 gene and the beta-glucuronidase coding sequence. 

Example 3: Production of the transgenic rice 

The oxprossion vector pGA1647 constructed In Example 2, Is transformed Into 
Agrobacterium tumefaciens LBA4404 (Hoekema et al.. Nature. 303, 179-181(1983)) 
carrying the binary Ti plasmid pAL4404 using the freeze-thaw method (An, G. et al., (eds) 
Plant Molecular Biology Manual, pp. A3/1-A3/19, Kluwer Academic Publishers, Dordrecht 
(1988)). 

The transformed Agrobacterium tumefaciens LBA4404 is grown for 3 days in the AB liquid 
medium supplemented with 30 mg/L hygromycin B and 3 mg/L tetracycline, and it is co- 
cultivated with three-week'Old calli which are induced from the scutellum of mature seeds in 
the N6 medium (Chu, C.C. et al., Sci, Sin., 18, 659-668(1975)) containing 2 mg/L 2,5-D, on 
the 2N6-AS medium supplemented with 1 mM betaine (Hiei, Y. et aL, Plant J., 6, 271- 
282(1994)) in darkness at 25 ^'C for 2-3 days. The co-cultivated calli are washed with sterile 
water containing 100 mg/L cefotaxime, and again incubated on an N6 medium containing 
40 mg/L hygromycin and 250 mg/L cefotaxime for 3 weeks. Actively growing hygromycin- 
resistant calli are transferred onto the selection medium [for example, MS media (Life 
Technologies) + 0.2 mg/L NAA (naphthalene acetic acid) + 2 mg/L kinetin + 2% sorbitol + 
1 .6% phytagar (Gibco) + 50 mg/L hygromycin B + 250 mg/L cefotaxime], and then 
cultivated for 2-3 weeks under continuous light condition of 40 pmol m*^ The thus- 
obtained plantlets are potted and grown in a growth chamber under lOh light/1 4h dark 
condition to obtain a total of 22 transgenic rice plants. 

In order to select a plant line having the highest expression level in anthers among the 
twenty-two (22) transgenic rice plants, histochemical GUS staining is performed for the floral 
portion of the transgenic rice according to the method of Dai et al. [Dai« Z. et at.. Plant MoL 
Biol., 32, 1055-1065 (1996)], which is modified to contain 20% methanol in the staining 
solution, and then fixed in a fixing solution (50% ethanol, 5% acetic acid, and 3.7% 
formaldehyde). The samples are observed under a dissecting microscope (x7.5 
magnification). From this result, the rice exhibiting the highest GUS expression level in 
anthers, is selected and designated as a transgenic plant line Al 1279. 

Example 4: Histochemical GUS analysis of the transgenic rice 
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To study the spatial and temporal expression patterns of the RA8 gene, young flowers, 
flowers at the early vacuolated-poilen stager mature flowers, leaves, and roots from the 
transgenic rice A1 1279 produced in Example 3, are histochemtcally analyzed for GUS 
activity as described in Example 3, and then observed under a microscope. As a control/ a 
flower of untransformed ricp is used. 

GUS expression driven by the RA8 promoter is detected only in the anther of rice flowers, 
but not in other floral organs or in leaves or roots. In addition, the expression level of the 
GUS reporter gene increased as f lovj^ers matured* and the gene is not expressed at all in 
the young flowers at pre-meiosis stage. 

f 

To study rice anther-specific expression patterns of the RA8 promoter-reporter gene 
construct, after staining and fixing four rice anthers at different developmental stages 
according to the same method as described in Example 3, they are embedded in a 

i 

Paraplast (Sigma), and sectioned to 10 pm thickness. The sections are observed under an 
optical microscope (xlOO magnification) using dark-field illumination. At the pre-meiosis 
stage, GUS activity is not detected in any part of the anther. The GUS expression is first 
detectable at the time when microspores are released from tetrads. The highest amount of 
GUS activity is observed in anthers at the vacuolated pollen stage. In anthers at mature 
pollen stage just before or after dehiscence, however, GUS activity suddenly decreased. It 
is obsorvod that the GUS staining Is restricted to tapotum, connective, and endothecium 
tissues. 

Example 5: Production of transgenic maizo 

Transformation of maize with a novel gene" prepared according to the above method is 
achieved by microprojectile bombardment of either immature zygotic embryos or serially- 
propagatable Type I embrypgenic callus. 

Type I embryogenic maize callus cultures (Green ot al, Miami Winter Symposium 20,1983) 
are initiated from immature embryos, 1.5 - 2.5 mm in length, from greenhouse grown 
material. Embryos are aseptically excised from surface-sterilized ears approximately 14 
days after pollination. Embryos may be placed on D callus initiation media with 2% sucrose 
and 5 mg/L chloramben (Duncan et al, Planta 165: 322-332,1985) or onto KM callus 
initiation media with 3% sucrose and 0J5 mg/L 2,4-d (Kao and Michayluk, Planta 126:105- 
110, 1975). Embryos and embryogenic cultures are subsequently cultured in the dark. 
Embrypgenic responses are removed from the expiants after -*14 days. Embryogenic 
responses from D callus initiation media are placed onto D callus maintenance media with 
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2% QucroGO and 0.5 mg/L 2,4-d while those from KM callus initiation media are placed onto 
KM callus maintenance media with 2% sucrose and 5 mg/L Dicamba- After 3 to 8 weeks of 
weekly selective subculture to fresh maintenance media, high quality compact embryogenic 
cultures are established. Actively growing embryogenic callus pieces are selected as target 
tissue for gene delivery. The callus pieces are plated onto target plates containing 
maintenance medium with 12% sucrose approximately 4 hours prior to gene delivery. The 
callus pieces are arranged in circles, with radii of 8 and 10 mm from the center of the target 
plalo, 

Plasmid DNA is precipitated onto gold micrpcarriers as described in the DuPont Biolistics 
manual. Two to three |xg of each plasmid is used in each 6 shot microcarrier preparation.' 
Genes are delivered to the target tissue cells using the PDS-IOOOHe Biolistics device. The 
settings on the Biolistics device are as follows: 8 mm between the rupture disc and the 
macrocarrier. 10 mm between the macrocarrier and the stopping screen and 7 cm between 
the stopping screen and the target. Each target plate is shot twice using 650 psi rupture 
discs. A 200 X 200 stainless steel mesh (McMaster-Carr, New Brunswick, NJ) is placed 
between the stopping screen and the target tissue. 

Seven days after gene delivery, target tissue pieces are transferred from the high osmotic 
medium to selection media. For selection using the BAR gene, target tissue pieces are 
placed onto maintenance medium containing 100 mg/L glufosinate ammonium (Basta®) or 
20 mg/L bialaphos (Herbiace®). All amino acids are removed from the selection media. 
After 5 to 8 weeks on these high level selection media, any growing callus is subcultured to 
media containing 3-20 mg/L Basta®. : 

For selection using the Mannose Phosphate Isomerase gene, target tissues are placed on 
their respective maintenance media containing no sucrose and 1% mannose. The amino 
acids are not removed from these media. After 5 to 8 weeks, growing callus is either 
subcultured to D calliis maintenance medium containing no sucrose and 1 .5% mannose or 
KM callus maintenance medium containing 1 % sucrose and 0.5% mannose. Embiyogenic 
callus growing on selection media is subcultured every 2 weeks for 4 to 8 weeks until 
enough callus is produced to generate 10-20 plants. Tissue surviving selection from an 
original target tissue piece is subcultured as a single colony and designated as an 
independent transformation event. 

At that point, colonies selected on Basta® are transferred to a modified MS medium 
(Murashige and Skoog. Physiol. Riant, 15:473-497, 1962) containing 3% sucrose (MS3S) 
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with no selection agent and placed in the light. Either 0.25 mg/L ancymidol and 0.5 mg/L 
kinetin are added to this medium to induce embryo germination or 2 mg/L benzyl adenine is 
added. Colonies selected using mannose are transferred onto a modified MS medium 
containing 2% sucrose and 1% mannose (MS2S + 1M) with the ancymidol and kinetin 
additions described above or a modified MS medium containing 2% sucrose and 0.5% 
mannose (MS2S + 0.5M) with the benzyl adenine addition described above. 

Regenerating colonies from Basta® selection are transferred to MS3S media without 
ancymidol and kinetin or benzyl adeni/ie after 2 weeks. Regenerating colonies from 
mannose selection are transferred to MS2S + 1M and MS2S + 0.5M media respectively 
without hormones after 2 weeks. Regenerating shoots with or without roots from all 
colonies are transferred to Magenta boxes containing MS3S medium and small plants with 
roots are eventually recovered and transferred to soil in the greenhouse. 
Plants are tested for expression of the PMI gene using a modified 48-welI chlorophenol red 
assay where the media contains no sucrose and 0.5% mannose. Leaf samples (-5 mm x 5 
mm) are placed on this assay media and grown In the dark for -72 hours. If the plant is 
expressing the PMI gene, it can metabolize the mannose and the media will turn yellow. If 
not, the media will remain red. 

Transformation events have also been created using Type I callus obtained from Immature 
zygotic embryos using standard culture techniques. For gene delivery, approximately 300 
mg of the Type I callus is prepared by subculturing to fresh media 1 to 2 days prior to gene 
delivery, selecting target tissue pieces and placing them in a ring pattern 10 mm from the 
center of the target plale on medium again containing 12% sucrose. After approximately 4 
hours, the tissue is bombarded using the PDS-1000/He Biolistic device from DuPont. 
Plasmids of interest are precipitated onto 1 ^m gold particles using the standard protocol 
frorn DuPont. Genes are delivered using two shots per target plate at 650 psl. 
Approximately 1 6 hours after gene delivery the callus is transferred to standard culture 
medium containing 2% sucrose with no selection agent. At 12 or 13 days after gene 
delivery, target tissue pieces are transferred to selection media containing 40 mg/l 
phosphinothricin as either Basta or bialaphos. The callus is subcultured on selection for 12 
to 16 weeks, after which surviving and growing callus is transferred to standard 
regeneration medium containing 3 mg/l phosphinothricin as Basta for the production of 
plants. 
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ExampI 6: Transformatipn of wheat . 

A preferred technique for wlieat transformation involves particle bombardment of Immature 
wheat embryos and includes either a high sucrose or a high maltose step prior to gene 
delivery. Prior to bombardment, any number of embryos (0.75-1 mm in length) are plated 
onto MS medium with 3% sucrose (Murashige and Skoog, 1 962) and 3 mg/l 2,4-D for 
induction of somatic embryos which is allowed to proceed in the dark. On the chosen day of 

bombardment, embryos are removed from the induction medium and placed onto the 

■ ■ * . 

osmoticum {Le. induction medium with^ucrose or maltose added at the desired 
concentration, typically 15%). The embryos are allowed to plasmolyze for 2-3 h and are 
then bombarded. Twenty embryos per target plate is typical, although not critical. An 
, appropriate gene^carrying plasmid is precipitated onto micrometer size gold particles using 
standard procedures. Each plate of embryos is shot with the DuPont Bioiistics helium 
device using a burst pressure of -1000 psi and using a standard 80 mesh screen. After 
bombardment, the embryos are placed back into the dark to recover for about 24 h (still on 
osmoticum). After 24 hrs, the embryos are removed from the osmoticum and placed back 
onto induction medium where they stay for about a month before regeneration. 
Approximately one month later the embryo expiants with developing embryogenic callus are 
transferred to regeneration medium (MS + 1 mg/liter NAA, 5 mg|/liter GA), further containing 
the appropriate selection agent. After about one month, developed shoots are transferred to 
larger sterile containers known as GA7s which contained half-strength MS, 2% sucrose, and 
the same concentration of selection agent. The stable trarisformation of wheat Is described 

in detail in patent application EP 0 674 715. 



